ON  THE  JAPANESE  BLACK  TUNA 

(Thunnus  orientalis) 


)  Marine  Biological  Lao.  .t^,, 

L  I  B  it  ^A.  £t  ■V 

FEB  8-196) 

WOODS  HOLE,  msS. 


SPECIAL  SCIENTIFIC  REPORT:  FISHERIES   No.  52 


UNITED  STATES  DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 


ON  THE  JAPANESE  BLACK  TUNA 

(Thunnus  orientaiis) 


Marine  Biological  b;, ,  ;u/. 

I-I  B  PI  .«^  K.  Y 

FEB  8 -mi 
WOODS  HOLE,  MASS. 


SPECIAL  SCIENTIFIC  REPORT:  FISHERIES    No.  52 


UNITED  STATES  DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 


Explanatory-  Note 

The  series  embodies  results  of  Investigations,  usually  of 
restricted  scope,  intended  to  aid  or  direct  management  or 
utilization  practicss  and  as  guides  for  administrative  or 
legislative  action.  It  is  issued  in  limitad  quantities  for  the 
official  use  of  Federal,  State  or  cooperating  agencies  and  in 
processed  form  for  econoniy  and  to  avoid  delay   in  publication. 


TJashineton,  D,  C, 
January  1951 


United  Statas  Department  of  the  Interior 
Oscar  L„  Chapvnan,  Secretary 
Fish  and  1E.ldlife  Service 
Albert  M„  Day,  Director 


Special  Scientific  Report  -  Fisheries 
No„  52 

ON  THE  JAPANESE  BLACK  TUNA  (THUNNUS  ORIENTALIS) 


Translated  from  the  Japanese  language  by 

Wo  Go  Van  Campen 
Pacific  Oceanic  Fishery  Investigations 


CONTENTS 


1.  On  the  estimation  of  favorable  temperat-oxs  for  long-line 
fishing  of  tunny p  By  Michitaka  Uda  l/  <>  „  „ » „  o .  o . » . , . » . . . 


I^ge 


2.  The  catch_of  tunny,  Thunnus  orie.ntalis  (T„  &  S,),  off  Kushiro, 

Hokkaido,  in  relation  to  the  vertical  difference  in  water 
temperature,  By  Takeshi  Kawana  2/  » o . » . . » » . » . .  o 12 

3.  Homogeneity  of  the  groups  of  black  tuna  in  the  Satsunan  Sea 

area.  By  Tatsuzo  Mine  (Myazaki  Prefecture  Fisheries 
Experiment  S-GaT.ion)  and  Satoru  lehisa  (Miyazaki  Prefecture 
Commercial  Fisheries  Department)  "^   ooo  «<,..« 17 


1/  From  the  Bulletin  of  the  Japanese  Society  of  Scientific  Fisheries, 
Volume  4.,  Number  lo  May  1935o 

2/  (Hokkaido  Fisheries  Experiment  Stationo  Fukui  Prefecture  Fisheries 
Experiment  Station)  From  Bull„  Japc  Soc„  Sci.  Fish.,  Vol,  6,  No„  2, 
pp.  73-7^,  July  1937. 

^'  From  Bulletin  of  the  Japanese  Society  for  Scientific  Fisheries,  Vol,  8, 
Noo  6,  pp„  292-29^.0  Marehj  194-0. 


On  the  Sstimatiori  of  Favorable  I'enperature  for  i^ng-Line  ^ishing  of  -Cunny 

|_English  synopsisj   Owing  tc  the  lack  of  observations  both  of  the  accurate 
depth  d  and  of  temperature  0  of  the  layer  in  which  tunnies  off  the  Pacific 
coasts  of  Japan  are  angled  with  long-lines^,  the  catch  has  custoniarily  been 
discussed,  reference  being  made  only  to  the  surface  temperature  6q c 

From  July  to  Dec,  1930.,  off  the  North-eastern  Japan^  and  from  Dec. 
1930  to  Iwarch  1931,  off  south  to  Bosyu.„  several  fishery  research  boats 
carried  out  the  said  observations  for  the  tunny„  including  Thunnus  thunnus 
Lo,  Thunnus  alalunga  (.Gmelin)^,  Para  thunnus  sibi  (To  &  S„),  and  Germo 
macropterus  (.Jo  Jc  S  „)  o      Their  reports  enabled  the  writer  to  examine  the 
difference  between  the  distributions  of  total  catch  N  as  well  as  of  the 
frequency  of  catch  _f  j,  referred  to  the  temperature  0  and  thos  e  referred  to 

Off  the  North-eastern  Japanj,  both  N  and  f  show  the  mode  at  19-20°C  of 
Oq,  while  at  18-19°C  of  9  (Fig„l)o  Evidently  the  difference  is  due  to  the 
remarkable  stratification  of  the  water  during  summer  timeo  No  definite 
explanation  can  be  given  to  the  appearance  of  a  secondai^  mode  at  13-15° 
of  Oc.   Off  south  to  Bosyu*,  both  the  mode  of  f  at  19-20°C  and  of  n  (=  N/f) 
at  17-19°C  are  not  changed  in  9  and  9q,  showing  that' the  stratification~in 
temperature  is  but  slight  during  winter  (Figo2)o 

Estimation,  if  not  very"  accurate,  of  9  without  direct  observation  can 
yet  be  made  by  calculating  preliminarily  the  value  of  9q-8  from  other  serial 
observations  of  temperature  for  each  region  and  for  each  monthj,  provided  d 
ip  known o   From  the  records  of  9^,  submitted  by  a  fishing  company  "Tokai- 
Enyo  Kabushiki  Kaisha/'  for  Thunnus  alalunga  (iGmelin)  off  south  to  Bosyi?  in 
1930,  0  was  calculated  in  such  a  way  as  just  stated^,  with  the  result  that 
the  mode  of  N  lies  at  about  18°C,  d  having  been  taken  as  50-lOOm  or  100m 
(Fig„3  ajo  Remarkably  enough,,  the  variation  of  N  in  9  is  much  smaller  than 
that  in  9q 0  A  mode  at  the  same  temperature  is  seen  in  the  frequency  distri- 
bution of  0,  at  which  the  catch  was  maximum  in  every  month  ('''igo  3  b)„ 
Some  other  records  were  also  treated  similarly  and  again  the  mode  of  N  at 
18°C  was  obtainedo   [end  of  English  synopsi^] 

In  discussing  favorable  temperatures  for  the  capture  of  fishes  such 
as  the  tuna  and  mackerel j,  which  swim  in  the  middle  layers,  we  should  seek 
to  find  out  the  temperature  of  the  water  at  the  depths  where  the  fish 
swiml.'o  Hitherto,  however,  it  has  not  been  clear  in  many  cases  at  what 
depth  the  fish  were  swimming  and  few  observations  have  been  made  of  any- 
thing but  surface  water  temperatures  so  all  that  could  be  said  was  that  tuna 
ere  taken  most  frequently  and  in  the  greatest  numbers  where  the  surface 


'Aikawa,  Hiroakii  Situation  in  the  Fisheries  for  Tuna^  Skipjack,  and 
Saury  on  the  f'acific  Coast,  Suisan  Gakkai  Ho,  Volo5,  Noo4j,  ppo364-365. 


draws  attention  to  this  o 


water  temperaturo  is  around  21°C  '^^>'^'o     During  the  winter  season  in 
January^  r'ebruary,  and  March  the  different  depths  (at  least  down  to  SOm) 
have  nearly  the  same  temperature  and  the  differ.encc  between  .r.e  tempera- 
ture at  the  level  where  the  fish  are  taken  and  that  at  the  surface  is 
slight,  but  through  the  spring  and  summer  in  i»ay,,  June^  and  July  the 
water  temperatures  in  the  upper  layer  rise  rapidly  from  month  to  month 
and  their  difference  from  the  temperatures  of  the  lower  levels  increases o 
As  stratification  becomes  distinct,  the  water  temperatures  at  the  depth 
where  the  fish  are  caught  and  at  the  surface  m.ust  become  markedly  dif- 
ferent o   The  difference  in  temperatures  is  still  fairly  great  in  IJovember, 
but  in  December  it  decreases  rapidly  and  the  two  levels  become  almost 
homothermalo   The  object  of  the  author  in  this  p&per  has  been  to  show  the 
degree  of  error  in  the  estimation  of  favorable  temperatures  for  fishing 
based  on  such  surface  observations,  the  favorable  fishing  temperatures  cor- 
responding to  the  depths  actually  fished,,  and  a  method  of  estimating  at 
will  the  approximate  temperature  of  the  middle  layer  when  only  surface 
observations  have  been  taken o 

Depths  at  -ahich  tuna  longlines  catch  fish.,  A  scanning  of  Table  1, 
based  on  data  '''  from  the  Chiba  Prefecture  Fisheries  Experiment  Station, 
reveals  chat  the  estimated  positions  of  the  hooks  lie  within  a  range  of 
30m.  at  the  shallowest  to  170m  at  the  deepest^  with  most  of  them  within  the 
range  of  50-lOOm,   In  northern  waters  some  hooks  fish  at  the  comparatively 
shallow  depths  of  50-7Cm  (as  a  matter  of  fact.,  in  the  coastal  waters  of 
Hokkaido  and  the  southern  Kuriles  many  tuna  leap  on  the  surface  and  drift 
nets  and  trolling  lines  are  much  used  \   while  the  farther  south  one  goes 
the  deeper  are  the  levels  at  which  fish  are  takeno  Off  Kochi  and  liiyazaki 
prefectures  they  are  at  the  comparatively  deep  levels  of  80-170m  '  o) 

It  appears  also  that  the  depth  at  which  fish  are  taken  varies  from 
month  to  month  within  the  same  sea  areac   J?or  example,  the  season  of  the 


2)  lakayama.,  Itaro  and  Seiji  Ando£  An  Observation  on  the  Tuna  Fishing 
Situation  in  IBSOo  -^"isheries  Experiment  Station  Eeport  Noo5(38)  1934 <> 

3)  Shizuoka  Prefecture  Fisheries  Experiment  Stations   On  the  Albacore" 
(study  of  1S?1  on  the  data  of  the  three  years  1929, 1930, and  1231 o )  also 
states  that  fish  are  caught  most  frequently  at  21°C,  thus  differing 
greatly  from  the  figure  of  18°C  published  by  the  3ate  Dr,;.  Kishinouye  4), 

4)  Kishinouye,  K„s  Contributions  to  the  comparative  study  of  the  so-called 
scombroid  fisheso  Jouro  Gollo  Agriculo  Imp,  UniVo  'Tokyo^  8(3)^  293-475o 

5)  Chiba  Prefecture  Fisheries  Experiment  Station  Report  (photostat)  "Long- 
lines  Used  by  the  kost  Successful  Fishing  Vessels  in  Each  Prefecture  in 
1932," 

6)  Kawana,  Takeshi s  The  Tuna  Fishing  Situation  am.d  Oceanographical  Condi- 
"cions  in  Hokkaido'^  J.okkaido  Fisheries  Experiment  Station,  Fisheries 
Survey  Reports o  Volo  31,  1934 o 

7)  IViarukawa,  Hisatoshis  "Developing  the  Sea"  pc  165  says  that  this  is 
because  the  thermocline  is  deeper  than  it  is  in  the  souths. 


fishsry  for  black  tuna  /~Thunnus  oriantalis  /in  the  coastal  waters  of  Hyuga 
begins  in  the  middle  of  i)ecember >,  At  first  longlines  are  used  (fishing 
depth  76-luOin)  and  the  fish  are  taken  where  the  surface  temperature  is 
22°Cj  but  in  the  middle  of  "January  a  change  is  made  to  trolling  gear  and 
the  surface  temperatures  are  18°~19  Co  Early  in  karch  the  fish  go  deep, 
the  trolling  lines  no  longer  catch  fish,  and  longlines  come  into  usn  again 
with  the  surface  temperature  at  21o5°Co   In  the  middle  of  April  the  fishing 
comes  to  an  end  °'' ,   I'here  has  not  been  as  yetj  however,  any  thorough  study 
of  the  depths  at  which  the  fish  are  taken,  and  many  items  have  not  been 
clarif iedo 

Favorable  temperatures  for  catching  tuna  (.a)  Northern  part  of  the 
t^orbhcastern  5ea  Areao   I  shall  attempt  to  treat  the  data  from  the  Sakigake 
iii^ru,  of  Aomori  Prefecture,  the  Daito_Liaru,  of  i-iyagi  Prefecture,  the  Akita 
iuarUs  of  Akita  Prefeccure^  and  the  Chokai  i-^ru.  of  Yamagata  Prefecture, 
all  of  which  vessels  took  temperatures  at  the  upper  and  lower  levels  during 
the  cooperative  tuna  fishing  experiments  of  1950,   These  observations  were 
made  from  June  to  December,  1930,  a  season  when  the  difference  between  the 
temperatures  at  the  upper  and  Icwer  levels  is  great,  and  covered  an  area 
centering  off  Erimosaki  and  extending  betv/een  141°  -  144 °E,  37°-  42°K. 
First  of  all,  Figol  a),  b)  are  graphs  of  the  distribution  of  catches' and 
niunbers  of  fish  caught  (total  of  black  tuna,  albacore,  big-eyed  tuna,  and 
yellowfin)  plotted  against  surface  water  temperatures  and  against  the 
temperature  of  the  level  at  which  the  fish  v/are  taken  according  to  the 
above-mentioned  fishing  logs  (30m  for  the  Dait"©  Laaru,  18-36m  for  the  Akita 
iJaru,  46-53i;-;  for  the  Chokai  iferu^  reco^'ds  lacking  for-  the  Sakigalct  Maru  but 
assumed  from  Table  1  to  be  50m}.   From  these  graphs  it  can  be  seen  that  in 
these  waters  the  most  fish  were  taken  where  the  surface  temperature  was 
19°-20°C  but  at  the  25-50m  levels,  where  the  fish  were  caught,  there  are 
two  modes  at  13°-15°C  and  18°-19°C„   It  is  still  difficult  to  tell  for  sure 
whether  the  former  is  an  apparently  favorable  temperature  based  on  schools 
especially  concentrated  by  an  upwelling  of  cold  water  from  the  lower  level 
of  the  Oyashio  Current  system  or  whether  it  is  the  temperature  at  which 
black  tuna  of  a  certain  age-class  swimo  However.,  the  fact  that  in  the 
coastal  waters  of  Izu  and  Sagami  the  large  set  nets  take  the  most  black 
tuna  at  temper.:- vures  of  14°-16*t  presents  useful  data  for  the  future  con- 
sideration o'  this  questiono 

b)   Favorable  temperatures  on  the  winter  grounds  in  Zunan  waters  »  Fig . 
2  a),  bl  shows  the  relationship  between  the  number  of  tuna  taken  and  the 
number  of  catches  made  and  the  water  temperatures  at  the  surface  and  at 
lOOra  (according  to  Table  1  100m  is  approximately  the  level  at  which  the 
fish  were  caught,  except  that  the  Kiyo  i^laru  fished  at  70m),  the  data  being 
drawn  from  the  records  of  the  Kiyo  iuaru,  Kaiko'  t^aruj  Fuji  Maru,  and  K!oh"o 
Maru's  operations  during  the  winter  months  of  December,  January,  February, 
and  Marchg  when  the  temperatures  at  the  upper  and  lower  levels  are  con- 
sidered to  be  comparatively  uniforaij,  in  the  cooperative  tuna  fishing 


S)   Summary  of  the  Activities  of  the  kiyazaki  Prefecture  Fisheries 
Experiment  Station  for  1931  <>  1933 »  ppo  10-18« 


experiments  of  It^SO,  It  was  found  from  these  graphs  that  during  the  winter 
season  the  most  fish  are  taken  when  the  temperatures  at  both  the  surface 
and  at  100m  are  18^-1  a^Cj.  the  greatest  number  of  catches  is  made  at 
IS^'-SO^Cp  and  the  largest  average  catch  per  tiine  fished  is  obtained  at 
17°<=.19**Co  A  point  to  be  noted  herej,  however  ^  is  that  in  the  Zunan  area 
the  yearly  average  temperature  at  the  lOQm  level  is  about  20°C  and  the 
yearly  average  variation  is  about  9**^^  these  values  being  smaller  than 
the  yearly  average  of  22°C  and  the  yearly  variation  of  13°C  in  the  sur<= 
face  temperatures o  These  temperatures  are  higher  than  those  found  in  the 
waters  north  of  Kinkasan  (yearly  average  below  lO'^j,  yearly  variation  10° ■= 
12°  C)  and  the  yearly  variation  is  les6^)o  Accordinglyp  the  belief  that 
the  level  of  favorable  temperatures  is  limited  to  a  narrow  range  is  not  an 
error  resulting  from  concentration  on  the  100m  level  as  can  be  seen  from 
the  fact  that  there  are  rather  large  seasonal  variations  in  the  water 
temperatures  at  lOQoo 

An  experiment  in  correcting  the  surface  water  temperature  to  the  tempera^ 
ture  favorable^or  eatctiing  i'iish"  The  data  ar'e~drawn  from  charts  sub- 
mitted to  the  Fisheries  Experiment  Station  by  the  PSlcai  Enyo  COo  showing 
the  fishinc  grounds,  number  of  fish  takenj,  and  surface  temperatures  for 
the  albacore  catches  for  each  montho  Seeking  to  find  the  distribution  of 
the  eaten  in  relation  to  the  surface  temperature  a  mode  was  obtained  at 
about  2  0*^^  however  J,  it  is  thought  that  there  will  be  a  marked  variation 
durir.5  the  season  when  the  temperatures  oesome  stratifiedj  as  described 
above, i*^)  These  data  cover  only  surface  temperatureSp  and  observations 
for  the  middle  and  lower  levels  are  lacking ^  According  to  Table  1  the 
depth  at  which  fish  are  taken  in  the  Zunan  area  may  be  thought  to  be 
50-lOQm  or  100m«  In  converting  the  surface  temperature  to  the  temperature 
at  the  fishing  level  the  most  reasonable  method  is  probably  to  correct  it 
by  using  the  results  of  vertical  observations  on  the  fishing  ground  in 
question  for  the  month  under  consideration^  but  this  is  difficult 
under  present  conditions »  While  it  is  a  method  greatly  lacking  in 
precision,  what  has  been  done  has  been  to  adopt  the  average  temperatures 

''  for  each  month  at  a  point  100  miles  southeast  of  Nojimasaki  in  Chiba 
Prefecture  as  representative  of  the  vicinity  of  the  center  of  this  fishing 
ground  0  Prom  these  values  I  aave  subtracted  0o5°C  in  January^  0®C  in 
February,  Oo5^C  ir.  '::arch,  l^'C  in  April,  2°C  in  May^  3°C  in  June,  5°C  in 
JulVp  and  1*^1;  in  December,  and  have  taken  this  as  the  temperature  at  the 
lOOm  levelo   ■'  The  correlation  between  this  temperature  at  iOOm  and  the 


9^ 
'  Uda^  Michitaka«  Monthly  Oceanograpnic  ., -l"  u:.-:ion  of  tne  f.uroshic  and 

Oyaahio  Currents  in  Averap;e  Yearso  Fisheries  Experiment  Station  Report 

No„  3.  1933 „  pp. 100=102 o 

^^'   Uda,  Michitakag  An  Observation  on  the  Albacore  Fishing  Situation  and 

-.he  Oceanographic  Conditions  in  the  Zunan  Area,  Report  of  the  Symposium 

on  Fisheries  physics,  NOo  27 „  July  I951<, 

11 ) 

'   In  doing  this  the  differences  from  year  to  year  and  from  place  to  place 

In  the  curve  of  vertical  distribution  of  water  temperatures  from  0=100m 

within  a  particular  sea  area  for  a  given  month  were  ignored  and  the 

declination  in  the  temperatures  at  the  surface  and  at  the  100m  level 

were  assumed  to  be  alwv,'8  enualo 


distribution  of  the  tuna  oatah  is  shown  by  the  solid  line  in  ^igo  3e<,  <i/hen 
this  is  compared  with  Fig,?a„  the  temporatuT^es  for  the  tims  when  the  largest 
catches  were  made  in  each  nonth  are  distributed  around  :-o'nters  of  remarkably 
uniform  value,  with  the  mode  at  a  little  over  18°Co  Then  taking  50-lOOm 
as  the  fishing  level  the  surface  temperature!?  were  corrected  to  the  tempera- 
tures at  these  depths  by  subtracting  0„5°G  in  January i,  0°C  in  February^ 
OobOC^in  tiarch,  1.5°C  in  April,  1.5"C  in  Wy  2o5°G  in  June,  3o5°C  in  July, 
and  1  C  in  December,  The  distribution  of  "tiis   catch  in  relation  to  the 
temperatures  obtained  m  this  manner  for  the  bO-lOOm  level  is  shown  by  the 
broken  line  in  FigcSa^  Exactly  as  seen  at  lOOraj,  the  most  favorable  tem- 
perature is  slightly  ever  18°C„  Next,  changing  the  point  of  view,  I  plot- 
ted the  best  catch  for  each  month  against  the  water  temperatures  during  11 
months  covered  by  two  fishing  seasons  from  liarch  1929  to  May  1930  as  shown 
in  FigoSb,  obtaining  exactly  the  same  results  as  in  JFig„3ao  Using  the  same 
method  1  converted  the  surface  temperatures  for  the  catches  in  the  three- 
year  survey  carried  out  by  the  Shisuoka  Prefecture  Fisheries  Experiment 
Station  in  1929„  1930,  and  1931*'  and  plotted  them  against  the  catchj  the 
mode  remained  almost  fixed  at  a  little  over  18  C  throughout  the  seasono 

If_we  look  at  the  monthly  tuna  fishing  situation  as  given  in  lakayama 
and  Ando  '  we  see  that  catches  at  18°-19°C  have  been  most  numerous  in 
January,  February,  Iiaarch^,  April,  the  first  half  of  May^,  the  latter  half  of 
November.,  and  in  December,,  but  in  Msy^  June^  and  July^  mxjnths  when  a  good 
deal  of  fish  is  taken,  (the  main  fishing  grounds  being  the  central  and 
southern  portions  of  the  Northeastern  Sea  Area)  it  is  understood  that  be- 
cause of  the  rise  in  temperature  of  the  surface  waters  the  favorable  fishing 
temperatures  seen  at  the  surface  are  apparent  rather  than  realo 

Conclusionc,   Suitable  temperatures  for  catching  tun^j.,,  ....^.ch  in  the  past 
have  been  thought  to  cover  a  remarkably  broad  range  judging  only  by  the 
surface  temperatures,  are  restricted  to  an  unexpectedly  narrow  range  when 
the  depth  at  which  the  fish  are  caught  is  taken  into  account  or  when  a 
correction  is  made  for  seasonal  rises  in  the  surface  temperature o   The 
studies  described  above  indicate  that  it  is  probably  correct  to  consider 
that  in  the  so. chern  part  of  the  Northeastern  Area  and  in  the  Zunan  Area 
the  favorable  ■•  imperature  for  tuna  fishing  is  generally  18°- 19^Co-'-^-' 
There  are,  hc-'/everj  not  a  few  examples  of  catches  being  made  at  rather 
remarkably  low  temperatures  in  the  Oyashio  current  ar-za.   and  sometimes  at 
remarkably  hich  temperatures  in  the  Satsunan  and  Ogasawara  areas  so  these 
areas  are  excluded  from  consideration  hereo  This  paper,  in  brief j,  is 
intended  to  point  out  that  in  discuss 3ng  the  favorable  temperature  in  any 
sea  area  one  should  first-  of  all  take  into  account  the  temperatures  at  the 
depths  at  which  fish  are  actually  being  taken^   This  means  that  in  scouting 

for  tuna  fishing  grounds  in  general  it  is  not  sufficient  to  take  only 
surface  observations  (although  this  is  fairly  satisfactory  in  the  winter) 
and  observations  of  the  middle  layers  are  necessary o   In  case  only  surface 
^obssurvatijons  <!can  be  made  it  is  best  to  calruTfi-^  ^  an  approximation  by  making 


12) 

An  attempt  using  similar  methods  to  ascertain  the  favorable  tempera- 
tures for  iiiackerel  catches  in  the  Japan  Sea  revealed  that  they  were 
centered  around  a^--"oximately  14°-16°C<, 


Table  1  Tuna  longlines  used  by  the  most  successful  fishing  boats  in  each 

prefecture  in  1932  (Chiba  Prefecture  Fisheries  ilxperimsnt  Station) 


Prefecture 


Hokkaido 
Aomori' 

kiyagi 

Chiba 

Kanagawa 

Shizuoka 

fcie 

i/v'akayama 

Ehime 

tiiyazaki 

Kochi 

Ogasawara 


Vessel 


Taihei  inlaru 
Pukuei  Maru 
Genei  Maru 

Kanan  iWaru 

Fusa  Maru 
Kan  shir's  iiaru 

Toyo  Maru 
Juju  Maru 
Horai  Maru 
Jingu  Maru 
Noo2  i'aisho  Maru 

Daikoku  Maru 

Iwo  i^aru 


Fishing  Area 


off  Etorofu  - 
off  Iwate 

off  Acircri- 

Hokkaido 
off  Aomo£i  and 
Hokkaido 

east  of  Kinkasan  = 
off  the  Zunan  Shoto 

off  the  Boso  area 

300=400  miles  east 
of  Choshi 


Fishing  Period 


Branch  i-me  -j- 
Sekiyama  ^ 
KVire 


August-December 

July-December 
August-December 

Novembe  r-March 

November-March 
October-April 


off  Choshi  and  Sanriku  October-March 


off  Chiba  Prefecture 

off  the  Boso  area 

off  Kagoshima-Aomori 

200-250  miles  south 
of  Aburatsu 


31°40'-  132°10'  - 
134°20" 


Ogasawara  waters 


November-March 
September-May 
October=March 
December-March 

March-May 

Kovember-lata 
January 


16   ken* 
(5   shaku)** 

18 
17 


18 

10 
11 

17 
12 

14o5 

49 
40 

32 
11 


*      1  j^n  s   lo82  metres 
f*      1   shaku  s  30 o3   cm 


labia  1  (Cont'd) 


Float  Line 


Distance  Between  Floats 
(Maximum  sag) 


Hook  Depth 
(depth  at  which  fish 
are  caught) 


17  ken 

15 
15 

25 

12 
22 

13 

24 

20-25 

19 

15-20 

25 


150  ken 

(137~ 

300 

(13) 
300 

(21) 

220 
(70) 

180 

(28) 
200 

(63) 

158 

(24) 
330 

(50) 
200 

(63) 
240 

(38) 
300 

(42) 

200 
(31) 

242 

(19) 


50-70m 

50- 70m 
4 8- 80m 

65-171m 

33-76m 
50- 150m 

45-82m 
56-130m 
53- 14 8m 
77-135m 
9 7- 170m 

95=143m 

30-59m 


a  correction  by  methods  like  those  described  above   Of  course  in  doing  this  one 
must  have  in  advance  a  general  idea  of  the  depth  at  which  the  fish  are  caught 
(the  level  at  which  the  fish  swim)  o  Some  studies  have  already  been  made  of  the 
environmental  factors  which  affect  the  density,,  concentration,  and  biting 
qualities  of  the  buna  schools  within  the  zones  of  suitable  temperature,  but 
there  are  still  many  points  left  for  future  studyo   13.)l4)l5). 

In  conclusion  1  express  my  deep  thanks  to  Dr.  liobuyoshi  Ogura,  Dr  = 
LScrisaburo  Tauchi,  Mro  Mitsuyo  Okada,  Mr^  Itaro  TaJcayamaj  Mro  Kinosuke 
Kimura,  and  Mr.  toorisaburo  Sakai,  who  gave  me  valuable  instruction  and 
comments  on  this  studyo 

(December  9,  1934) 


13) 

Shimoda,  Mokuichis  A  Survey  of  the  Skipjack  and  Tuna  i^'isheries  in  the 

waters  of  British  Borneo  and  the  Netherlands  East  Indies.,  Suisei,  April 

1930o 

'  Ikeda,  Nobuyas   On  Oceanographic  (Conditions  on  t he  Tuna  Longlining  Grounds 
and  the  Level  at  Wliich  the  Tuna  Swim  in  the  Outer  South  Seas o   Gyorokai 
Shi,  No.  1.   1932.  "~~ 

15)  Suzuki,  Shins   Tsuri  Hy!°ikutai„  Chapter  4o   February  1931o 


8 


N 

250  .. 
200  ,. 

150  ■- 

100  •- 

50  -. 


a)  ^rface 


fish 


-  times 


*15 


■+■ 


—I H 

10  11  12  13 
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ig.lb  Distribution  of  number  of  catches  (f)  and  number  of  tuna 
caught  (N)  in  relation  to  tamperatures  (6)  at  the  depths  at 
which  fish  ?vere  taken  (.25-50m)  on  the  tuna  fishing  grounds 
of  the  Northeastern  Area  from  June  to  December,  1930 » 
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16°   17°    ISO     190    20^^   vl-     xl2-    23°   24°C    00 

Figc2a  Distribution  of  the  average  number  of  fish  per  catch  (n)  and  the 
number  of  catches  of  tuna  (f)  xn  relation  to  the  surface  temperature 
(Qq)   on  the  tuna  groands  south  of  Boshu  in  December,  1930^  and 
January,  February „  ac'l  March 5,  1931 » 


^   times 
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l6/->     17*^   -o-^     19°    20°    21*^    22=    23°C  6 
Fig»2b  Distribution  of  the  average  number  of  fish  per  catch  (n)and  the 
number  of  catches  of  tuna  (f)  in  relation  to  the  temperatures  at  the 
100m  level  (9)-  on  the  tuna  grounds  south  cf  Boshu  in  December,  1930, 
and  Jan-dar--  February,  ana  March,,  1931. 
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Fig,,  3a  Favorable  temperatures  for  eatching  albacore  in  the  Zunan 
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Fig. 3b  Frequency  (F)  distribution  of  surface  temperatures  at  the 
time  of  '■■'...  largo  St.  albacore  eatch  of  each  month  of  1929  and 
1930  it-"i  o.he  T/anazL  Arsao  6  s  water  tempera tur-e  x  s  F  in  re- 
lation to  temper-at-ore  at  lOOm  0  s  F  in  relation  to  the  tem- 
perature at  50=100ni 
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The  Catch  of  lunny^  Thurmus  Orientalis  {T<  &  S„)„  off  KushirOj 
Hokkaido,  in  Relation  to  the  v'ertioal  Difference  in  Water  -''er.perature 

Synopsis  £.\n  English/ 

From  the  thirteen  years  catch  statistics  from  1924  to  '36  and  the 
records  of  regular  oceanographic  observations ^  there  is  found  a  negative 
correlation  between  the  catch  per  boat  of  large  tunny,  weighing  above  20 
kwan  (75  kg),  and  the  difference  in  temperature  at  the  surface  and  at  50  m 
depth o 
[end  of  English  synopsi^ 

The  author  has  previously    investigated  the  relationship  between 
oceanographic  conditions  and  the  fishing  for  tuna  v^j  gff  Kushiro  in 
Hokkaido,  and  has  found  that  there  is  a  negative  correlation  between  the 
weight  of  fish  caught  per  boat  per  cruise  and  the  vertical  difference  in 
water  temperature  ^  ' o   Since  that  time  four  years"  more  data  have  been 
added  (.fable  1),  and  it  has  been  decided  to  make  a  reexamination  of  the 
problem  hereo 

Now  when  we  consider  the  correlation  between  the  number  of  largep 
m.edium,  v4J  ^nd  small  fish^  which  were  not  treated  in  the  previous  reportj 
and  the  vertical  difference  in  water  temperature  (Figure  l)j,  there  is  a 
close  correlation  for, the  large  fish„  but  for  the  medium  and  small  fish 
there  is  hardly  anyo  ^    '      According  to  Table  1  the  large  (and  medium  also) 
clearly  tend  to  decrease o  This  should  be  considered  a  diminution  in  the 


(1) 

(2) 
(3) 

(4) 
(5) 


Kawana^  Takeshi s   On  the  Correlation  Between  Tuna  Jxshing  and 
Oceanographic  Conditions.,  Hokkaido  fisheries  Experiment  Stationp 
Reports  of  Fisheries  Investigations  (3l)  1934^  pp^SOo 

black  tuna,  kuroshibi,  Th'jnnus  orientalis  (Temiainck  &  Schlegel)o 

The  difference  between  the  surface  temperature  and  the  temperature  at 
50  meters  o  Average  for  10  =■  50  miles  off  Kushiroo  Augusto 

Large  fish  are  over  20  kan  \l   kan  s.  8.2  7  poundgj  ^  medium  between  10 
and  20  kan,  and  small  under  10  kano 

The  coefficient  of  the  correlation  between  the  number  of  large  fish  and 
the  difference  in  water  temperature  is  r  a  0o4li0ol8o   The  coefficient 
for  the  total  of  weight  in  kan  of  larger  medium^,  and  small  fish  taken 
per  cruise  and  the  difference  in  water  temperature  is  r  s  0o582  i  Ool23, 
so  if  instead  of  the  number  of  large  fish  we  take  the  number  of  kan  or 
take  only  the  especially  large  fish  among  the  large  group^  it  is  thought 
that  we  can  obtain  a  far  higher  coefficient  of  correlationc  However, 
we  do  not  know  the  number  of  kan  weight  for  each  of  the  groups  of  large, 
small,  and  medium  fish^ 


12 


stock  of  large  tuna,  and  in  addition  to  this  trend  ^° ^   on©  should  probably 
discuss  the  elimination  of  this  long- term  change  by  the  year-to-year 
variations  duo  to  oceanographic  conditions  and  so  fortho 

This  tendency  can  be  shown  approximately  by  the  linear  correlation 
y  =  ax  /  b  between  the  number  of  fish  taken  per  boat  per  cruise  y  and  the 
year  x »  By  the  method  of  least  squares  we  get  a  s  0o313  and  b  =  6 ,365 
and  can  draw  the  solid  line  shown  in  Figure  2^ 

The  coefficient  of  correlation  between  the  vertical  difference  in 
water  temperatures  and  the  deviation  from  this  regression  line  is  r  s 
—  0„738;t0o085p  and  fairly  reliable  values  can  bo  obtamedc 


Furthermore,  the  catch  of  small  fish  per  cruise_is  correlated  with 
v^^w  L^urface  water  temperature  in  Augusts  IJ 
the  favorable  temperatures  (Figure  3)o  ^'^' 


the  surface  water  temperature  in  Augusts  15  oO  -  16 -,5  C  appearing  to  be 


In  preparing  this  paper  I  received  much  kind  advice  from  Professor 
Okada  of  the  Fisheries  Experiment  Stationj  and  Assistant  Technician 
Nakajima  of  the  Hokkaido  Fisheries  Experiment  Station  and  ^r  .>   Hisashi 
Saga  of  the  Kushiro  Fish  Market  supplied  me  with  materials..   I  wish  to 
express  here  my  deep  thanks  to  these  persons o 


(6) 


(7) 


This  trend  also  appears  to  be  related  to  the  broadened  scope  of  the 
fishing  grounds  through  the  increase  in  vessels  fishings  but  there  are 
no  data  on  which  to  determine  this  point o 

According  to  the  study  by  Mr,.  Takeo  Kida  of  th?  total  number  of  fish 
(large,  medium^,  and  small)  taken  per  cruise  on  the  grounds  off  Kushiro 
in  August  1935,  there  is  a  favorable  surface  temperature  at  17°C„ 
Kida,  Takeo  s   On  the  Surface  Jtfater  Temperattires  and  the  Summer  Season 
Tuna  Grounds  Off  A-ushiro  and  Urakawa^.   Bullo  Jap  „  Sqco  Scio  Fisho 
5  (2),  1936,  85-90o 
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Homogeneity  of  the  Groups  of  Black  Tuna  m  the  Sat&unan  Sea  Area 

[Inglish  title  and  synopsis] 

/ippearances^of  t 
South  of  Kyushu 


Appearances^of^the  Groups  of  XhnnnuP.  oriental  is  (T„  &  S„)  in  the  -ieas 


SYNOPSIS 

Average  catch  per  boat  per  voyage  as  well  as  the  average  body-weight 
of  Jhunnus  orientalis  (To  6c  S„)  fished  during  every  decade  of  the  months 
in  the  seas  south  of  Kyushu  was  investigated  with  the  daily  records  of 
the  landings  from  long-line  fishijig-boats  for  tunny  at  the  two  ports 
Aburatu.  and  WangS  from  Decn  1934  to  Jvine  1939,  as  basis  o 

Generally  speaking,  larger  fishes  appearing  early  in  the  fishing 
season  gradually  give  place  to  the  sraalier-sizedo  iiinor  fluctuations 
in  the  average  body-weight,  however,  can  be  recognized  as  follows s  — 

Seasons   From  mid-Dec o  Early  and  mid-  iiid  to  late  Late  Aprilj  Towards 
to  early  Jan,,  Fobo,         inarch,  mid-June 

Aver .weight:  cao55  Kwan  cao  45  "       ca»  52  "    oa u  40  "    cao47  " 
(206  kg),  (169  kg),      (195  kg),    (150  kg)    (176  kg) 

Hauls:  At  the  beginning  vYith  earlier  With  later  Towards,    At  the  end 
of  hauls,     good  hauls,   good  hauls,   and       of  hauls o 

^nd  of  English  synopsi¥| 

_(1) 
Hiroaki  Aikawa  and  ^^asuo  Kato    have  used  the  vertebrae  of  the 

honmaguro,  Thunnus  orientalis  (Xemminck  &  Schlegel)  to  determine  its 
age,  have  found  tne  ranges  of  length  and  weight,  the  growth  rate,  and 
the  condition  factor  for  each  age,  and  from  the  records  of  the  landings 
at  Aburatsu  m  193  7  they  J-ave  shown  that  the  tuna  landed  at  Aburatsu 
consist  mainly  of  three  groups  of  eighth-year,  ninth-year,  and  tent-h-year 
fish.  Of  these  eighth-year  fish  form  31?S,  ninth- year  fish  49?^,  and 
tenth-year  fish  20^  of  the  whole  catch o   The  percentage  of  eighth-year 
fish  does  not  change  markedly  throughout  the  whole  fishing  season^  but 
the  ninth-year  fish  are  most  numerous  in  the  peak  season,  and  the  tenth- 
year  fish  a  re  rather  numerous  only  at  the  beginning  of  the  season » 

The  present  authors  have  made  a  study  of  the  general  trends  and 
changes  throughout  the  fishing  season  in  the  tuna  schools  whiii  migrate 
into  the  Satsunan  sea  area,  basing  the  work  on  the  records  of  the  number 
of  vessels  returning  from  fishing,  the  number  of  fish  landed,  and  the 
weight  (in  kan  [^o27  poundFJ  )  of  fish  land«d  as  given  in  the  daily  reports 
of  the  tuna  long-line  fishing  situation  (a  very  few  troll-caught  fish 
are  included)  at  the  two  ports  of  Aburatsu  and  Nango  (Sakaematsu)  from 
December,  19o4,  to  Jun.e,  1939 o 

(•l-i  Aikawa,  Hiroaki  and  i^^asuo  Kato;;  Bullo  Japo  Soc„  Scio  Fish,  7(2),  1938. 
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The  number  of  boats  ent«ring  porti,  the  number  of  fish  landed.^  and  the 
weight  of  landings,  averaged  by  ten-day  periods.  (Figure  l)  show  that  tha 
peak  season  is  from  the  middle  ten  days  of  January  to  the  first  ten  days  of 
Aprilj,  and  that  during  this  period  the  fishing  falls  off  somewhat  from  the 
last  ten  days  of  February  to  the  first  ten  days  of  Wrcho   The  fact  that  in 
general  the  fishing  situation  parallels  the  abundamce  or  scarcity  of  schools 
on  the  fishing  grounds  can  be  seen  from  the  average  number  of  fish  landed 
per  boat  per  trip  as  plotted  for  each  ten-day  period  (Figure  2j,  above)  o 
This  means  that  the  peak  season  is  when  the  schools  are  plentiful,  and  that 
during  the  period  from  the  last  ten  days  of  February  to  the  first  ten  days 
of  March  the  schools  temporarily  decrease  in  numbers o  Because  the  number  of 
boats  fishing  is  very  small^  it  is  not  certain,,  but  it  appears  that  from  the 
middle  ten  days  of  ^y   on  the  schools  increase o  Hcwever^,  if  we  look  at  the 
average  body-weight  plotted  by  ten-day  periods  (Figure  2^,  lower),  the  period 
from  the  last  ten  days  of  February  to  the  first  ten  days  of  iiiarch  represents 
a  shift  in  the  average  body-weight  from  about  46  kan  to  about  52  kan,  and  the 
period  from  the  last  ten  days  of  April  to  the  middle  ten  days  of  May  shows 
a  shift  of  the  average  body-weight  from  about  40  to  about  47  kanc   This  can 
still  be  said  even  though  we  try  to  split  the  chauages  in  average  body-weight 
into  long-time  changes  throughout  the  season  (trends)  and  short-term  changes 
(deviations)  (Table  1^    Figure  2)o   Then  if  y  is  taken  as  the  average  body- 
weight  for  the  ten-day  period  (in  kan J ,  and  x  is  the  ordinate  of  the  period, 
with  the  period  in  which  the  first  catch  was  made  as  the  base  pointy  the 
trend  for  Aburatsu,  with  the  middle  t»n  days  of  December  as  the  first  period, 
is  y  s  54o29  -  0t,87Xj,  and  for  Nango,  with  the  third  ten  days  of  December  as 
the  first  periodj,  it  can  be  shown  as  y  s  49,50  -  Oo32.Xo 

To  summarizes,  in  the  black  tuna  which  migrate  into  the  Satsunan  sea 
area  from  the  middle  ten  d  ays  of  December  to  the  first  ten  days  of  June  of 
the  following  year,  the  general  trend  is  from  schools  of  larger  fish  to 
schools  of  smaller  fisho   If,  however^,  we  examine  this  in  further  detail, 
we  find  in  the  early  part  of  the  season  from  the  middle  ton  days  of  December 
to  the  first  ten  days  of  January  a  migration  of  a  group  of  larger  fish  with 
an  average  weight  of  around  55  kano  In  the  first  half  of  the  peak  season,' 
which  is  centered  around  the  first  and  second  ten-day  periods  of  February, 
there  is  a  large  group  of  smaller  fish  with  an  average  weight  of  around 
45  kan,,  and  in  the  second  half  of  the  peak  season„  which  is  centered  around 
the~middle  and  last  ten-day  periods  of  Marchj,  there  is  a  large  group  of 
larger  fish  with  an  average  weight  of  around  52  kano   In  the  last  ten  days 
of  April  for  a  time  there  is  a  group  of  smaller  fish  under  40  kan,  and  after 
that  as  the  end  of  the  season  approaches  a  group  of  smaller  fish  of  about 
47  kan  again  appears  <, 

In  conclusion  we  wish  to  express  our  heartfelt  thanks  to  Dr^  Morisaburo 
Tauchi,  Professor  in  the  Fisheries  Institute,  for  taking  the  trouble  t£  read 
the  manuscript,  and  to  the  Fisheries  Associations  of  Aburatsu  and  Nango, 
which  spared  no  labor  in  compiling  the  daily  reports  on  the  fishing  situationo 
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